AD-A118 689  ALBERTA UNIV EOMONTON DEPT- OF CHEMISTRY BRZELE I.
SIMULATION OF THE OROPPING MERCURY ELECTRODE BY ORTHOGONAL COLL=-=-ETC(U) *

. AUG 82 S PONS+ B SPEISER: J MCALEER N00014=82+G~0017
UNCLASSIFIED TR=13 .

NL




OFFICE OF NAVAL RLSEARKCH
Contract NOOO14-82-G-Qul?
Task HO. Nk 359-7id

TECHNICAL REPORT NO. 13

catiun.

By

Prepared fur Publication In

Electrochimica Acta

AD A118689

Unaversity of Alberts
Deparusent of Chemistry .
Edmonton,Alberta,Canada

Tow 262

*00akland University
Department of Chemistfy
Wochestef, Michigan

Reproduction an whole of in part is permitted for
any purpose of the United States Governsent

This document has been approved for public release
and sele; i1ts Jastribution is unlimited.

DTG FiLt WOPY

Simulation of the Drupping Mefcufy Electriode by Ofthogonal Collo-

Stanley Pons, Bernd Speiser, J. McAleer, and P.P.Schmidte®

August 18,1982 a o .0 ---'-9)

Moty (Lavas

e R e

n L}
_ REPORT DOCUMENTATION PAGE Ty e S O
b nronT nunwLn LOVT ACCCIMOn U 3 BLLIPI 87 5 Co b auou | -
1 - #1/3689
A CEgend bbntes st OF the DEuppoin S BYPL 00 NEPOAT # FEMOD COVARIG

Mmorcury Eluctiode by urthogunal Collocstiua, Techaical Reporty 13

[¢ ¥ inronmui oA, ALroRT suusin
T AuTaow N 5COR1#aC T O CRART Buasinis) —
Stanley Pons, Hernd Spwises and J. McAleer NOOOV4- 82-G-0017
B PIRTORmNG OACAITATION Rouk A0 ADIA4TS X WiLtwin® Fac:
£ Chemistry ARAA S PONE LaiT Num
Departaent o
University of Alberta Task No- NR 359-718
3 RGut’ anuda ToQ 262
V) COmIAMOLLING OF Jich Mam: AND ALURLYS U. stroal Bard
Otfice of Naval Research Avgust (LI
Chemistry Program - Chemistry Code 472 [0 wwbin or‘

Arhington, Virginyg 22212
e

OWin i ALLALT HaNL § AGOHL NI Viterant Mam Commvatiang Ottve) | 15 SACURITY CLAME fod shte rapnrt)

Unclassified

(32 Bi canrsiCa Gl Gonecaamnn ™ |
KasouLts

[\ s TMIRUTION STATLulnT fad ai- Nopart)

This document has been approved for public release and sale; fts distributfon
unlinited.

W OINTMBUTION SEATLULRT (of ie obrwacs sniud in Sioes 20, ¥ Biivrons bmm Reparty

8 SPALLmAmTARY NOTEY

T MUY GORDE [Lonitnve 0n to0eisr 500 H Aatoseery Gnd Weatoly By Miaeh Aiuben)

Electrochemistry, Mercury Electyode, Simulation, Orthogunel Collocation.

,Hn RACT (L Bneines 90 sacaras oie H Sotoromy and Ponacly By Mocs auntoc
[ The theusy fur the epplicetion of vrfthoqunal collocation technigues to the
druppang mescury vlectfode i3 gives. The technigue is shuwh to adapt readily to
HON-linear guometties ..

DD %% W3 smsonor vwavessomontte

Une dassifind
/1 818 1) Bha 2801 14 “" o

SECUMTY (Lo af el Us VM3 Fout [90vn aee Fatooety

82 8 27 051




orthogonal collocation techniques are used to simulate the
solution to the hydrodynamic partisl d‘!!lonntul equations
describing mass transport to a dropping mercury electrode
{DME). Accurate values for the concentration profiles and

current are obtained with minimal computational effort.
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The weighted residual method ot orthoyonal collocation has
been used to generate accurate solutions to electrocheaical
diftusion problems (1-11). The purpose of this wotk is to
demonstrate the utility of the method by application directly to
a differential equation containing convective terms. The case
considered here is the diffusive and convective traasport of an
electroactive species to the dropping mercury electrode (ODME).
In terms of radial distance r fram the center of the mercury
\ drop, the hydrodynamic eyquation describing the concentration of
the electroactive species in time is given (12) by
i
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where v, is the velocity of a point in solution towatd the
b growing mercury drop. The cadius rg of the dyop grows as
173
g = (32t 121
dod
where a is the flow rate and d the density of mercucy.
Considering only convection, a point ¢ L.n solution at t=0 1s
R pushed outwards. As volume must be conserved, iIts sovement 15
described by .
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Thevelocity ot this point 18 thus yiven by

(K]

e wish to normalize the distance coordinate to & (0,1] space

where 0 represents the electrode surface, and 1 represents a

point in solution where no diffusional processes occur during the
experiment. We denote this real point as M, Its movemecnt is

given by an equation analogous to {3):
hsi

ter?)
4nd

where t* is the time needed to grow a sphere of radius M. The

space between the electrode surface and M then is used in

normalization.
It is seen that such a space is time dependent,
This is physically observed

i.e. the

as the

space will diminish in time.
decrease in diffusion layer thickness resulting in an increass in

current at constant potential. For our analysis, it is desired

to eliminate this time dependency of the distance coordinate.

This is done by observing that the difference in the cubes of the

quantities M and Ky is time independent.
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A point in solution will move with respect to the growing megcury

We can reter Lo a point tixed in the M) -

drop surtace a° well.
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v space as R {f R is defined as

r-fo
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R =

(L}
where r is the radial distance from the center of the drop to the
point in question,

¥We define our dimensionless time variable T as

Te 0 18}

k] 3,2/3
N - t‘ol

and a constant B as

3
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where a is given by
a s (23 1101
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We need now to perform the transformation of the
differential equation (1) to dl-enskonle'u coordinates., In terms

of the new coordinates and constants, we find that
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For a tunction w = f{x,y) which has continuous real first
and second partial differ. . ials, we wish to be able to transtorm

to the new variables u and v whote u and v are given by

x = #tu,v) 1131
and
Yy = #lu,v) (141

The resulting first partial derivatives are given by

bv | bv 8¢, &v ¢ 115)
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It w(x,y) corresponds to c(r,t)., and y corresponds to LT and
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Thus
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Cokoining (19) and (20), we have
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The second partial with crespect to the distance coordinate is

obtained by recognizing that
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It can be shown that
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80 that we now have®
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Byuations (12}, [19), (2i), and ([24] are substituted into the

differential equation to get
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cb being the bulk concentration of subatrate. Equation (25) is

readily reduced to

st 2t 2 . 83 . s’ 1271
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DISCRETIZATION OF THE DIFFERENTIAL EQUATION

Ac~urate solutions of the differential equation (27) are
obtained at the roots of shifted Jacobi polynomials on the [0.])
interval as a function of time by orthogonal collacation
(1,3,11). 1In ter!u'o( the collocation coetficients Ay and B,
{tunctions of the roots of thc polynomial only as previously
defined) we have that, at the roots R, of the polynomial,
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where W is the order of the polynowmial., N+2 terms are taken in

These differentials, now referring tc explicit points {n
«

-

simulation space, reduce the partial differential equation to the

following set of N first order ordinavry differential equation in

N unknowns which may be solved simultaneously for the c(Ry.T)

order to include the electrode surface (R=0! and the point M in (1,3,11)
solution where no diffusior occurs (R=1).
.
We take as an experiment the imposition of a constant de_ N . ";l s, TR T o 2 . /3
He2 - 3 3 RYZRYE -
potential to the electrod~ surface such that c®(0,T) is equal to a7 R, =2 resl/3g1/3  3g2/
sero during the growth of the drop. The wechanism {s simple
single electron transfer. We vefer to the concentration of the L] A . ";l A” c.(lj.'l') 141
N42
substrate only. 3(regl/371/3)2 =2
We thus recognitze that
TRE SIMULATED CURRENT
c'i0.1) = 0 1301
The current is glven by Pick's figst law:
and
i = nran(%) 1351
ér r
N 0
c {1, T) =1 11
where A is the area of the MME
such that
A= A-r: 1361
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n Substitution of 14] and (19] into (35 and simplifying, results,
and in terms of the dimensionless parameters,
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boundary conditions c*(g,T) = 0 and c"(1,¥) » I, to

Nel
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b =1/342/3 Nel . ]
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The cucrrent is calculated in the output subroutine of the

program.
RESULTS

The simulated current is compered to the solution offered by
Koutecky (14) which is corrected for spherical dittusion
id - 708 0 cb-lllpl/z'_l/blh]‘_.’ DI/Z(IIS--I/l.“m Ix_l/l.-Z/J)
1401

Again, equation (M)} 13 used to convert to dimensioniesz time
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We cvay also compare the current to the [ikovic equation
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i = 708 np}/2cPa?/31/6 143)
which is converted by the same Substitutions to
i = 708 n Pa( 3. )1/ 3pl/6,-1/3 At
4ed
o 18.4scPnd/3pl/6471/0 1451

values for the parameters for a typical Teal case were chosen an’

the results are given in Figure 2.
COMPUTATIONAL ASPECTS

Results accurate to 0.4 % of Koutecky's calculated values
are obtained with minimal computational effort. Using & solution
points {collocation points; polynomial roots) 1000 cucrent values
and concentration profiles are gererated by the program in less
than 0.5 seconds using an Amdahl 470-Vé computer. The program,
which has been described (4,13), is modular in design. Switching
from the problem deacribed herein to simple linear diffusion
requires the changing of onlw 2 program statements. Such minimal
changing of the program is retained with ail other

electrochemical modéling problemss,
CONCLUSIONS

Orthoganal collocation may be adapted in a straightforward
menner to provide accurate solutions to hydrodynamic problems in

electrochemistry. The problem herein discussed describes only

B o L I




the first drop in an actual experiment and useful data may only
be obtained from subseguent drops which apparently encounter
reproducible concentration perturbations of the reaction layer.
These perturbations are due to convective transport initiated by
the first drop. We are preparing the simulation trrstment for
this case, as well as those describing the current obtained when
following chemical veactions and adsorption are involved in the

overall reaction mechanism,
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